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LTRASOUND IMAGING IS AN
accurate diagnostic test for a first episode of p r o x i m a l d e e p v e i n thrombosis. A lack of full compressibility of the vein lumen when pressure is applied with an ultrasound probe indicates that thrombus is present, whereas full compressibility excludes thrombosis. 1, 2 Despite successful treatment, many deep vein thrombi do not fully resolve and leave abnormal ultrasound findings, including persistent noncompressibility. 3, 4 Consequently, in patients with new symptoms in a leg with previous venous thrombosis, noncompressibility on ultrasound cannot be assumed to be due to recurrent thrombosis.
To diagnose recurrent deep vein thrombosis with ultrasound, it is necessary to establish that new (ie, acute) thrombosis has occurred. Noncompressibility of a common femoral or popliteal vein that was previously compressible is universally accepted as diagnostic of recurrent deep vein thrombosis. 1, 3, 4 However, as postresolution ultrasounds are seldom available for comparison, and as thrombus may recur in the same venous segment, this finding is uncommon. 3, 4 An additional criterion for the ultrasound diagnosis of recurrence in patients with a previous ultrasound evaluation would be a convincing increase in the length of the thrombus when the evaluation is repeated. Unfortunately, unlike contrast venography, ultrasound imaging does not clearly show other structures in the leg (eg, bones) that can serve as reference points to determine if thrombus margins have changed position between examinations. Consequently, there are no validated criteria to identify extension of thrombus length on ultrasound evaluation.
To determine the accuracy of ultrasound measurements of thrombus length, and to identify differences in measurements of length that would support a diagnosis of recurrent thrombosis, we performed ultrasound examinations of the proximal deep veins on 2 occasions in patients with previous deep vein thrombosis and residual ultrasound abnormalities.
METHODS
PATIENT POPULATION
Patients who were likely to have residual ultrasound abnormalities were identified from thrombosis clinic records. These were either patients who had proximal deep vein thrombosis diagnosed in the past 3 months or patients who had incomplete compressibility of the proximal veins on an ultrasound examination performed 3 or more months after diagnosis. They were invited to take part in a study evaluating the reproducibility of venous ultrasound measurements. The study was approved by the Hamilton Health Sciences Research Ethics Board and patients provided written informed consent.
Of the 60 patients who were evaluated, 30 (50%) were women and 2 had a history of bilateral deep vein thrombosis. The mean patient age was 61 years (range, 28-89 years) and the mean time since the last episode of symptomatic deep vein thrombosis was 7 months (range, 0.4-49 months).
ULTRASOUND EXAMINATIONS
On the same day and in random order, 2 experienced examiners (P.P. and S.P.) performed a standardized series of ultrasound measurements for each patient using an Elegra scanner with a 7.5-MHz linear-array transducer (Siemens, Issaquah, Wash). Each examiner used the same scanner throughout the study. Both were blinded to the original clot location, and they independently recorded their findings on standardized forms. Patients were asked not to comment on the findings of the first examination when undergoing the second examination. Ultrasound examination was confined to the proximal deep veins of both legs (ie, from the common femoral vein to the calf trifurcation); the iliac and calf veins were not examined. The only criterion used to identify residual deep vein thrombosis and to document thrombus extent was the inability to fully compress the vein lumen.
When a thrombus was seen, thrombus length was measured as follows: upper and/or lower thrombus margins, defined as the point of transition from full compressibility to incomplete compressibility, were identified using compression ultrasound in the transverse plane and marked on the skin using removable adhesive tape; then, distance from the thrombus margins to each of 4 landmarks-inguinal ligament, saphenofemoral junction, mid-popliteal fossa, and mid-patellawas measured with a tape measure. The inguinal ligament was identified as the midpoint of a line between the symphysis pubis and the anterior superior iliac spine. The saphenofemoral junction was identified by ultrasound imaging, the midpopliteal fossa was identified as the most prominent crease in the popliteal fossa, and the mid-patella was identified as the midpoint of an imaginary line drawn between the cranial and caudal poles of the patella.
STATISTICAL ANALYSIS
It was estimated that 50 patients with residual proximal deep vein thrombosis would need to be examined to obtain a reliable estimate of interobserver variability of the measurement of thrombus length. Least-squares regression analysis was used to assess agreement between observers; the r 2 value corresponds to the proportion of variance accounted for by the paired measurements. Interobserver differences for paired measurements were expressed as absolute values and plotted as histograms, and the 95th percentile was identified using linear interpolation. Statistical analyses were performed using Minitab 13 software (version 13; Minitab Inc, State College, Pa).
RESULTS
The examiners agreed that there was no residual thrombus in 10 legs and that thrombus was present in 42 of the 62 legs with previously documented proximal deep vein thrombosis. They disagreed on the presence or absence of thrombus in 10 legs. They agreed that, of 84 potential thrombus margins (proximal and distal margins for the 42 thrombi), the proximal margin of 1 thrombus and the distal margin of 22 thrombi could not be located because the thrombus extended beyond the field of examination (ie, into the pelvis and calf, respectively), and they agreed that 49 margins were present. They disagreed on the presence or absence of 12 thrombus margins.
When both examiners located the same thrombus margin, there was good interobserver agreement on the distance of the thrombus margin from each of the 4 anatomical landmarks. The variance accounted for by paired measurements, ie, r 2 , was 89% for the inguinal ligament, 93% for the saphenofemoral junction, 95% for the mid-popliteal fossa, and 93% for the mid-patella (Figure 1) . The 95th percentile for the absolute difference in thrombus length between examiners was 10.9 cm for the inguinal ligament, 8.9 cm for the saphenofemoral junction, 8.5 cm for the mid-popliteal fossa, and 8.4 cm for the mid-patella (Figure 2) .
COMMENT
This study suggests that a change in thrombus length, when measured in a standardized way, may indicate thrombus extension and support a diagnosis of recurrent deep vein thrombosis. The 4 landmarks we used as reference points (3 on the body surface and 1 located on ultrasound examination) are easily identified in most patients. Interobserver agreement was similar when using the saphenofemoral junction, the mid-popliteal fossa, and the mid-patella as reference landmarks. Measurements appeared to be less precise when the inguinal ligament was used. With the use of any of the 3 best landmarks, it appears that an increase in thrombus length of 9 cm or greater between 2 ultrasound examinations is likely due to true thrombus extension; smaller differences could occur through measurement error.
An increase of 5 cm in thrombus length on a second ascending contrast venography is generally accepted as evidence of extension. 5, 6 This criterion for extension is reasonable with venography because the position of the thrombus margin can be compared using adjacent bones as reference landmarks. We are not aware of previous studies that have evaluated the reproducibility of the measurement of thrombus length using ultrasound.
Although we chose to focus on thrombus length in this study, there are a number of other ultrasound measurements that have been used to diagnose recurrent deep vein thrombosis. Changes in thrombus diameter, thrombus appearance, and Doppler assessment of venous flow have been suggested as criteria for differentiating acute thrombosis from chronic changes. 1, 4, 7 With the exception of venous diameter, 4,7 these criteria have not been systematically evaluated and there is currently no consensus on which ultrasound measurements are the most reliable for diagnosing recurrent deep vein thrombosis.
The findings of our study are likely to be valid because it was conducted prospectively by experienced ultrasonographers and according to a rigorous protocol. Biased assessment of agreement was avoided by ensuring that the ultrasonographers were blinded to both the original location of the patient's thrombus and the results of their colleague's examination.
A limitation of this study is the inability to differentiate between interobserver and intraobserver variability because each ultrasound examination was performed only once by each examiner. To evaluate intraobserver variability, patients would have had to return to our center, which unfortunately was not feasible. Consequently, we are unable to determine if the variability of the measurements would have been less if the 2 examinations had been performed by the same ultrasonographer. However, because patients who present with symptoms of recurrence often have their ultrasound repeated by a different examiner, the interobserver comparisons that were made reflect clinical practice.
We recognize that the ultrasound examinations for this study were performed by experienced, highly motivated ultrasonographers. Furthermore, agreement on thrombus length was only assessed for thrombus margins that both examiners were able to identify. Whether interobserver agreement on thrombus length would be as consistent in less experienced hands during routine clinical practice requires further evaluation.
In summary, when measured in a standardized way, an increase in thrombus length of 9 cm or greater between 2 ultrasound examinations is likely to represent thrombus extension and may support a diagnosis of recurrent proximal deep vein thrombosis. However, these findings are preliminary and this criterion for thrombus extension needs to be confirmed in a prospective clinical trial. 
Accepted for publication
